The ability of the Ni L a , R , S hD, O Ko, and Ni 2p spectra to distinguish between chemical states of atoms and their various environments is applied for structural characterization of nickel coordination compounds. In addition to the well documented influences of metal oxidation state and the electronegativity, the dependence of the energy shifts and intensity ratios upon the coordination geometry and the chelate ligand structure is discussed.
INTHODUCTION
A large number of experimental and theoretical studies during the last twenty years has shown that much could be learned about chemical bonding from X-ray emission (XES) and X-ray photoelectron spectroscopy ( X P S ) , Much of this work was associated with electronic structure calculations which have been used to interpret the experiments as well as to establish the validity of theoretical models /I/. The potential of XES and X P S for probing the electronic structure of transition metal compounds has been demonstrated also in numerous contributions to the conference proceedings of this series, The intention of our early experiments /2-4/ was to find the correct explanation for the fine structure of X-ray emission bands using semiempirical as well. as ab initio and SU Xu MO calculations. New instrumentation for fluorescence excitation in the ultrasoft X-ray region enabled us now to record all the X-ray emission bands of interest with high resolution, necessary for identification of the electronic charge fractions contributing to the individual molecular orbitals, Most of t h e U S i n v e s t i g a t i o n s a r e combined w i t h t h e r e s u l t s of p h o t o e l e c t r o n spectroscopy because core-hole i n i t i a l and f i n a l s t a t e s involved i n both methods and complementary valence band information a r e a v a i l a b l e . A n i n t e r e s t i n g and even now controv e r s i a l t o p i c of t h e XPS r e s e a r c h i s concerned w i t h t h e o r i g i n of s a t e l l i t e s t r u c t u r e i n c o r e e l e c t r o n emission. The s a t e l l i t e s occuring 5 eV o r more h i g h e r in binding e n e r g i e s than t h e main peaks 2p and 2p i n heavy t r a n s i t i o n metals and t h e i r compounds a2d2not prea&ted by l i g a n d f i e l d theory and can be a tt r i b u t e d t o two-bound hole f i n a l s t a t e s . To account f o r t h e sat e l l i t e s , i n t e r a c t i o n of 3d w i t h t h e l i g a n d p o r b i t a l s has been examined. With N i compounds, s c r e e n i n g by ligand-to-metal cha ge § t r a n s f e r causes t h e main l i n e which i s t o be a t t r i b u t e d t o 3d 4 valence e l e c t r o n c o n f i g u r a t i o n w i t h a hole L i n an a p p r o p r i a t e g l i g a n d l e v e l / 5 * 6 / . The s a t e l l i t e l i n e i s due t o unscreened 3d core h o l e e l e c t r o n emission w i t h a IIOMO-LUPIO t r a n s i t i o n /7/.
I n every c a s e t h e metal 3d -l i g a n d p mixing i n f l u e n c e s s u b s t a n t i a l l y t h e s a t e l l i t e s t r u c t u r e . The scope of t h i s r e p o r t i s l i m i t e d t o t h e i n t e r p r e t a t i o n of t h e X B S and XPS i n t e n s i t y d i s t r i b u t i o n i n terms of d e t a i l s of chemical bonding. The e f f e c t s of composition and geometry of t h e coordinat i o n sphere and t h e o x i d a t i o n s t a t e of t h e N i i o n i n complex compounds w i t h mono-and b i d e n t a t e l i g a n d s , t h e l a t t e r c h e l a t i n g v i a N, O , I?, and S, on t h e O i~n , S hB, and N i Lx,R emission bands and t h e N i 2p s p e c t r a a r e analysed. I n o r d e r t o confirm t h e i n t e r p r et a t i o n by l i g a n d -f i e l d arguments and t h e c a l c u l a t i o n of component peak a r e a s , t h e molecular o r b i t a l e n e r g i e s and t h e e l e c t r o n i c charge f r a c t
i o n s of t h e i n d i v i d u a l molecular o r b i t a l s have been c a l c u l a t e d by means of a n i t e r a t i v e SH'T method.
The N i L and O K emission bands a r e l o c a t e d in t h e s o f t X-ray region. Therefore, t h e spectrometer SMF-1 has t o e x h i b i t s e v e r a l s o p h i s t i c a t e d parameters such a s a high-vacuum system, very t h i n window f o i l s a t t h e flow counter (kr and C H~) , and a high-power X-ray tube w i t h primary c u r r e n t s up t o 1 A t o g e n e r a t e s u f f i c i e n t secondar X-ray i n t e n s i t y . I n t h e p r e s e n t measurement HbAY (2d = 2.612 run7 was used a s a n a l y s i n g c r y s t a l . The samples were cooled by l i q u i d n i t r o g e n i n s i d e of t h e secondary anode t o prevent hightemperature decomposition, and e x c i t e d by X-rays from t h e tube operated a t 6 kV w i t h c u r r e n t s between 200 mk and 1 A. The s e l fa b s o r p t i o n e f f e c t s which a r e t o be expected i n t h e short-wavelength r e g i o n of t h e bands, a r e assumed t o be small because Che 1 C i Lci band p r o f i l e o f t h e metal c o i n c i d e s w i t h t h e band p r o f i l e obtained by u s by primary e x c i t a t i o n a t low v o l t a g e between 2 and 3 kV / 8 / . The energy s c a l e s were c a l i b r a t e d u s i n g t h e N i La, energy of t h e metal /y/ and t h e O K g energy of L i S O /lo/.
The accuracy of t h e energy v a l u e s was b e t t e r than 0.2 e5. bepending on t h e s l i t width t h e experimental broadening of t h e peaks was i n t h e c a s e of N i L3,R i n t h e range 0.1 -0.9 eV, and f o r 0 ha 0.3 -0.6 eV. From t h e band p r o f i l e f i t w i t h a deconvolution program (hiarquardt 's approach) ~a u s s / L o r e n t z ( 1 /1 ) components have been obtained.
The XPS experiments have been c a r r i e d out by means of t h e s p e c t r ometer VG ESCA 3 u s i n g unmonochromatized Al r i~ r a d i a t i o n . The bindi n g e n e r g i e s a r e r e f e r e n c e d t o t h e C 1 s peak a t 285 eV.
HSSULTS ANI) UISCUSSION X-ray Emission Spectra The X-ray emission process in the investigated ~~( 1 1 ) con~poynds corresponds to an electron transition from the d to the d configuration. Hear the top of the valence band the X-ray emission intensity is expected to be dominated by transition of d electrons, The metal 3d orbitals can mix with linear combinations of 2p states of the surrounding ligands. Because of the distorted tetrahedral and planar local geometries, dipole selection rules allow numerous final states to contribute to the L emission band with an upper part dominated by the Ni 3dn levels and a lower part with some d contributions to mainly g bonded orbitals localized preferably on the ligands (d, and d6 respectively, see Fig. 1 i n an u n f i l l e d 3d s h e l l and consequently w i t h t h e magnetic propert i e s of t h e compounds. Fig. 2 shows t h e S KU, N i Ln,U, and 0 !L& X-ray emission bands of t h e N i c h e l a t e w i t h monothiodibenzoylmethane a l i g n e d by t h e approp r i a t e c o r e i o n i z a t i o n p o t e n t i a l s ( b i n d i n g energy p l u s 5 e~) . The s i m i l a r e n e r g i e s of t h e low-energy La component and t h e La maximum on t h e one hand and t h e high-energy S hB s t r u c t u r e and i t s band maximumonthe o t h e r hand i n d i c a t e t h e common o r i g i n of t h e r e s p e c t i v e f i n a l s t a t e s o r i g i n a t i n g from S 3p -N i 3d o r b i t a l mixing.
The shoulder a t t h e high-energy s i d e of t h e S h B maximum i n d i c a t e s
c l e a r l y t h e S 3p -N i 3d donor-acceptor i n t e r a c t i o n , The t h i r d X i
La component ( a t 854 e~) i s i n t e r p r e t e d a s a m u l t i p l e -i o n i z a t i o n s a t e l l i t e s t r u c t u r e . The most i n t e n s i v e component i n t h e O koc band r e p r e s e n t s t h e " l o n e p a i r " e l e c t r o n s and a l s o x s t a t e s of t h e C -0 bond /12/. The i nf l u e n c e of t h e changed l o c a l geometry of t h e metal on t h e N i L&,D emission bands of t e t r a h e d r a l and p l a n a r ( P C~ ) 2 N i~1 2 i s demons t r a t e d i n Fig. 1 
. For comparison, t h e energ2es and metal 3d popul a t i o n s of t h e r e s p e c t i v e molecular o r b i t a l s fronr our i t e r a t i v e

EH'l' c a l c u l a t i o n a r e shown. In both c a s e s t h e N i L& band e x h i b i t s t h r e e s t r u c t u r e s : The high-energy component should be a m u l t i p l ei o n i z a t i o n s a t e l l i t e ; t h e o t h e r two components i n c l u d i n g t h e peak maximum a r e reproduced by t h e two groups of d6 and d K s t a t e s ( s e e above). The experimentally obtained s p l i t t i n g of t h e L a components
A E i s 1.8 eV ( t e t r a h e d r a l ) and 1.6 eV ( p l a n a r ) . The d i f f e r e n c e be@en t
h e s e v a l u e s i s s a t i s f a c t o r i l y reproduced by t h e c a l c u l at i o n a s t h e s e p a r a t i o n of t h e g r a v i t y c e n t r e s of t h e 5 and X s t a t e s ( s e e Table 1 ) . The t h e o r e t i c a l v a l u e s f o r t h e i n t e n s i t i e s of t h e low-energy component do not agree w i t h t h e experiment, r e f l e c t i n g some l i m i t a t i o n of t h e simple EH' r procedure.
Comparing t h e e n e r g i e s of t h e La peak maxima we found a highenergy s h i f t of 0.3 eV f o r t h e p l a n a r compound i n analogy t o o t h e r t e t r a h e d r a l and p l a n a r s p e c i e s of compounds w i t h t h e same l i g a n d s . The i n t e n s i t y r a t i o I(LD)/I(L&) changes in a s i m i l a r way e x h i b i ti n g h i g h e r values i n t h e s p e c t r a of t e t r a h e d r a l compounds a able 1 ) . Table 1 Experimental and c a l c u l a t e d d a t a of t h e N i LM,D s p e c t r a of ( P c~ ) N i C I Z 3 2 X-ray P h o t o e l e c t r o n Spectra I n Tables 2 and 3 t h e N i 2p e n e r g i e s of s e v e r a l complex compounds a r e given t o g e t h e r w j C f i t h e r e l a t i v e i n t e n s i t i e s of t h e main components i n t h e s a t e l l i t e r e g i o n . Pig. 3 shows t h e s t r o n g dependence of t h e s p e c t r a on t h e chemical environment. Table 2 bhergies and intensity ratios of the Ni 2p and La spectra of complex compounds ( B and A are refered to peak maximum and the low-energy shoulder of Ni La resp.) Table   3 kkergies and i n t e n s i t y r a t i o s of N i 2p-, N 1 s -and S 2p- p l a n a r , diamagn.
P h y y S-c H, 9 s % p l a n a r , diamagn. Se p l a n a r , diamagn.
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p l a n a r , diamagn. p l a n a r , diamagn.
l a p l a n a r , diamagn. (2 ) and a c e t ylpyridine-p-tolyl--sulfonylhydraxone ( 3 )
Summarizing t h e f e a t u r e s we f i n d t h e f o l l o w i n g connections between t h e parameters of t h e s p e c t r a and t h e bonding which confirm e a r l i e r r e s u l t s /14-16/ and r e v e a l some new a s p e c t s :
-In a l l paramagnetic Ni(11) compounds one o r more s a t e l l i t e s on t h e high-binding energy s i d e of t h e main l i n e w i t h varying i nt e n s i t y a r e observed.
-There i s n o s a t e l l i t e emission i n p l a n a r N i ( 1 1 1 ) and N~( I V ) compounds.
-The averaged energy d i f f e r e n c e of t h e N i 2p main l i n e s of p l a n a r N i compounds with o x i d a t i o n s t a t e s I I~&~ I V w i t h a s u l f u r c o o r d i n a t i o n p h e r e i s 1.6 eV .
-The X i 2p l i n e s of compounds with t e t r a h e d r a l o r o c t a h e d r a l c0-ordina tioa/gphere around t h e N i i o n a r e s h i f t e d by ligand-f i e l d e f f e c t s about 1.7 eV t o higher binding energy with r e s p e c t t o t h e l i n e of comparable compounds w i t h p l a n a r geometry.
-The energy d i f f e r e n c e between t h e 2p main l i n e and t h e s a t e ll i t e i s l a r g e r f o r ( P C ) N i B r p t h a n 3 & -( P C~ & l i i c l Z by 0.9 eV. This i s i n accordance t a %he s x t u a t i o n found ?or C u d i h a l i d e s / 5 / : The more e l e c t r o n e g a t i v e $he l i g a n d i s , t h e l a r g e r e energy d i f f e r e n c e between t h e 36 c o n f i g u r a t i o n and t h e 3dtBk c o n f i g u r a t i o n w i t h a hole i n a n a p p r o p r i a t e l i g a n d l e v e l i s , t h e s m a l l e r i s t h e s e p a r a t i o n AS between t h e main l i n e and t h e sat e l l i t e . These f i n d i n g s c o n t r a d i c t t o t h e i n c r e a s i n g s a t e l l i t e s e p a r a t i o n A E w i t h i n c r e a s i n g l i g a n d e l e c t r o n e g a t i v i t y and HONOLUhiO s e p a r a t i o n i n numerous t r a n s i t i o n metal compounds /7/. 
CONCLUSIONS
It has been demonstrated that the X-ray emission bands of the metal ion and all ligator atoms give more detailed information on the valence level structure of Ni complexes with mono-and bidentate ligands than studies of XPS valence bands. Otherwise, the XPS data of core eleatrons are more suitable to recognize the coordination geometry of the metal ion than the XES data. Therefore, the potential of both XES and XPS for structure investigations of transition metal compounds should remain useful for a long time.
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